The present study aimed to evaluate the method of using iron on the physiologic characteristics of speedfeed sorghum and plasma membrane stability index (PMSI). Therefore, a factorial experiment was conducted in a completely randomized design with three replications. In addition, Zn, Cu, Mn were added to the soils before 
Introduction
Regarding an increase in population, the importance of agriculture for all human societies was emphasized more than any other time. The first and foremost need of any human being is food and food supply which are directly or indirectly associated with agriculture.
Although iron is essential for growing plants, which is found everywhere in the Earth crust, the solubility of iron compounds in most soils prevents iron absorption by the plant and expands the signs of iron deficiency in plants (Lucena, 2006) . The optimum pH has been reported between 5.5 to 6.5 for proper growth and the optimum absorption of iron. Therefore, a pH greater than 7 can lead to iron deficiency (Korcak, 1987; Bityutskii et al., 2017) .
Various methods have been proposed for the removal of iron deficiency in plants such as soil application, foliar application or mixing iron with seeds (Godsey and Johnson, 2001) . The use of different types of fertilizers is the main solution for the correction and maintenance of soil fertility and the increase of crop production (Rezaeei et al., 2014; Dong et al., 2016) . Borowski and Michalek (2011) reported that foliar application of inorganic iron salts increases chlorophyll a, chlorophyll b and carotenoid of green beans. Sheykhbaglou et al., (2010) showed that the use of nanoscale iron oxide particles increase soybean yields. Ghafari and Razmjoo (2013) reported the application of iron oxide nanoparticles on chlorophyll a, chlorophyll b and total chlorophyll wheat showed a significant increase compared with the control. Ghafariyan et al., (2013) reported that these superparamagnetic iron oxide nanoparticles that inserted into soybean plants and then moved in them increase chlorophyll levels without creating the toxicity of micronutrients. Armin et al., (2014) found that an increase in the concentration of iron leads to an increase in wheat yield and its components.
Few studies have addressed on the herbal toxicity of nanoparticles during a complete plantation course (Rico et al., 2011) . In addition, studies conducted on the toxicity of nanoparticles have paid more attention to the cultivation of plants and horticultural crops while they failed to address woody plants (Seeger et al., 2009) . The effect of nanoparticles on plants, along with its toxicity has been emphasized for a few generations of plants during a long-term period. However, the determination of long-term effects of nanoparticles on plants is regarded as a neglected area (Wang et al., 2013) .
In this study, we have examined the concentration of micronutrients in roots and shoots of the plants as well as the stability of the plasma membrane of the entrance of its elements and plant resistance against stress on the inner membrane of plant including the iron levels. Sullivan (1972) presented a fast and efficient method to determine cell membrane stability in grain sorghum using measuring electrolyte leakage of plant tissues which were exposed to thermal shock. This method is used as a quick, cheap and simple method to evaluate the cell membrane stability in many plants such as sorghum (Sullivan and Ross, 1979) . The researches have focused on the effects of nanoscale iron particles fertilizers as well as plant yield and no study has taken into consideration the damages caused by these fertilizers and stress on the plant. This study aimed to compare the use of iron oxide nanoparticles, monodisperse iron oxide nanoparticles, polymeric iron oxide nanoparticles, polymeric monodisperse iron oxide nanoparticles on the concentration of micronutrients and plasma membrane stability of forage sorghum to find the best iron fertilizer and how to use these fertilizers with the least damage to the plasma membrane. (Page et al., 1982) , available Phosphorus by
Olsen's method (Olsen et al., 1954) , the concentration of iron in the soil with extractor DTPA (Lindsay and Norvell, 1978) and was read by atomic absorption spectrometry and potassium extracted by ammonium acetate (Helmke and Sparks, 1996) were determined by flame photometer (Table 1) . 
The experimental data were examined using SAS 9.4 statistical software and the averages were compared using Duncan's Multiple Range Tests at 0.01 and 0.05 significance level. Figure 3a and b, respectively. Energy-dispersive X-ray (EDX)
Results
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analysis was used to specify the type and quantitative amounts of the elements in each sample. 
Characterization of plant
Results of ANOVA in Table 2 Further, simple effects (except level) and the effects of dual interactions (except procedure and levels) and the effects of triple interactions of procedure, sources and level showed that total chlorophyll of leaves was significant at the 0.05 level of significance ( Table 2 . Results of ANOVA for procedure, sources and level of iron on the quality characteristics and the concentration of micro-materials in plant roots and shoots (*and ** denoted significance at the 5 and 1 percent level, respectively; ns is not significant).
Results of ANOVA in Table 2 indicated that simple effects, the effects of dual interactions and the effects of triple interactions of procedure, sources and level on the concentrations of iron, manganese and zinc were significant at the level of 0.05 in shoots but it was not meaningful for copper concentration of shoots.
As shown in (Table 3) .
Based on the results of comparing the mean triple interaction of procedure, sources and level (Table 4) , indicating the most significant concentration of iron in shoots (Table 4) .
The results of comparison of mean effects of triple interactions of procedure, sources and level of iron ( (Table 4 ).
The lowest concentration of zinc (7.22 mg kg -1 ) in plant shoot in the use of spraying was observed in the treatment of polymeric iron oxide nanoparticles at the level of 0.5 g L -1 and was significantly reduced, compared to the control (Table 4) . Simple, dual and triple interactions effects of procedure, source and level of iron were not significant in copper concentration of shoots of sorghum ( to have a significant difference, compared to that of the control (Table 5 ).
As shown in (Table 5) , the most damage to membrane can be observed at the root of plant (Table 3) .
As it is evident from Table 5 , which was significantly reduced, compared to the control.
Discussions
Characterization of nanomaterials
As shown in Figure 2 , the peaks appeared at 550-650 iron salts and NaOH is added and for the latter, in addition to the mentioned materials, PEG 8000 is used in the synthetic procedure. Therefore, it is expected that some characteristic peaks attributing to PEG-8000 is appeared in the FT-IR spectrum of "Monodisperse iron oxide nanoparticles" (Figure 2b ). As can be seen in Figure 2b , there are vibrations around 2800 and 2900 cm -1 which can be attributed to the C-H stretching bands of the polymer. In a study, Dang et al., (2011) reported the interaction between the PEG 6000 and Cu nanoparticles. They observed that two absorption peaks appear at 1690 and 1760 cm −1 after attachment of the polymer to the copper nanoparticles. Here, these two characteristic peaks are appeared at 1645 and 1715 cm −1 . Therefore, attachment of PEG-6000 polymer to Iron oxide nanoparticles is confirmed for both samples (Figure 2c and d) .
The observed diffraction peaks in XRD pattern of both samples are in good agreement with that of pure cubic spinel structure for magnetite (JCPDS Card
No.: 19-629) (Figure 2a and b) . For monodisperse iron oxide nanoparticles (Figure 2b ), in addition to the pure Iron oxide nanoparticles, some other peaks are also observed which are representative of some impurities which mainly correspond to γ-FeOOH phase.
Also a peak at 2θ=19 is observed which could be attributed to PEG-8000 which was used during the synthesis of Iron oxide nanoparticles (Figure 2b ). These results show that the main phase of the employed nanoparticles is cubic Iron oxide nanoparticles.
As illustrated in Figure 3a and b, based on the results of SEM images, the iron oxide nanoparticles ( Figure   3a ) prepared without adding any surfactant or polymer are more agglomerated than monodisperse iron oxide nanoparticles (Figure 3b ) prepared in the presence of PEG-8000. Figure 3c and 3d show EDX analyses of iron oxide nanoparticles and monodisperse iron oxide nanoparticles, respectively. It can be seen that for monodisperse iron oxide nanoparticles, in addition to iron and oxygen, carbon is also found which confirms the existence of the residue of the applied polymer during the synthesis.
Characterization of plant
4.2.1. The effect of iron sources on the PMSI of root, leaf, and total chlorophyll
Based on the results in Table 3 , using two different levels of iron sources and procedure can play a positive effect on root PMSI. In other words, an increase in the root PMSI leads to less damage in plant root.
In the present study, an increase of root PMSI was observed in addition to increasing the root PMSI at 0.405 mg kg -1 of iron oxide nanoparticles although no significant difference was observed, compared to the control sample. This amount of decrease in PMSI of root caused a high damage to the plasma membrane of roots and it can be reason for the observed high concentration of copper, iron and manganese in the root which will be further discussed (Table   5 ). It was found that under stress, Plasmalma is of the first organ that is damaged (Levitt, 1980) . As a result of damage to the cell membrane, the permeability has increased; therefore, electrolyte leakage from the cell caused plant wilting (Blume and Ebercon, 1981) . is observed in the control sample. In a study conducted by Delfani et al., (2014) , the damage of plasma membrane was low for iron and nanoscale iron particles in the presence of magnesium, and the lowest amount of damage with 27.9% was observed for nanoscale iron particles with magnesium at 0.25 g L -1
.
As shown in Table 3 The results are consistent with the results of the previous studies (Márquez-Quiroz et al., 2015; Hernán-dez-Castro et al., 2015) in which fertilizing with iron sources could significantly improves the Fe concentration in cowpea plant. In the greenhouse experiment, it was reported that some of polymeric hydrated sources provides small environment within the root zone which keeps Iron sulfate available to plants compared with its non-polymeric use (Mikkelsen, 1994) .
The use of polymers to supply nutrients may provide more exact conditions for the needs of the plant, while one should regard the protection of the quality of the environment and the preservation of natural resources (Mikkelsen, 1994 ).
In addition, Table 4 lists the results related to the effect of using different iron sources on the concentrations of other micronutrients. In spraying iron sources, the least amount of concentration in manganese in shoot (3.37 mg kg -1 ) was achieved after using iron oxide nanoparticles at the iron level of 0.5 g L -1 . The findings of the present study are congruent with the results of previous studies. Ghasemi-Fasaei et al., (2005) demonstrated that foliar or soil applications of iron reduce the manganese of shoots, due to the antagonistic relationship of iron on absorption and transmission of manganese from root to the shoots.
Further, based on the results in Table 4 , the soil use of polymeric monodisperse iron oxide nanoparticles leads to a significant increase in Mn concentration in plant shoot. Roosta et al. (2015) reported that the highest As displayed in Table 5 , the use of polymeric monodispers iron oxide nanoparticles at 0.25 g L -1 Fe content in the plant root could significantly increased by 48.85% (Table 5) . The results were congruent with the study of Armin et al. (2014) and Márquez-Quiroz et al. (2015) . In addition, the foliar use of this iron source resulted in increasing iron absorption of root from soil. Further, based on the results in Table 3 , plasma membrane damage was observed in the root PMSI in this sample which is regarded as the reason for improving the permeability of cellular membrane (Blume and Ebercon, 1981) .
As shown in respectively, which is justified by the dilution effect at the root (Feil et al., 2005) . In addition, the use of iron sources leads to an increase in the Mn content in roots (Table 5 ). The results were consistent with the results reported by Roosta et al. (2015) .
As displayed in Table 5 , the Zn content in roots is in the iron fertilizer concentration is related to dilution since dry weight increase from 0.56 in the control sample to 2.27 gram in pot in monodisperse iron oxide nanoparticles usually leads to a decrease due to the effect of dilution (Feil et al., 2005) .
Conclusion
The present study aimed to evaluate the effect of iron oxide nanoparticles embedded in polymeric matrix on the physiologic characteristics of speedfeed sorghum and plasma membrane stability index (PMSI). To this aim, some iron oxidesources including iron oxide nanoparticles, monodisperse iron oxide nanoparticles, polymeric iron oxide nanoparticles and polymeric monodisperse iron oxide nanoparticles were examined.
Based on the results, polymeric monodisperse iron oxide nanoparticles prepared by using polymer leads to a significant increase in total chlorophyll, the PMSI of roots and shoots, Zn and Fe contents of shoots, as well as Cu and Fe contents in roots. The result of the present study can pave the way for further investigation on novel nanostctured nutritients in order to improve growth parameters of plants.
